14, and 15, we played one selection only. In experiment 10, we played 10 minutes of humpback whale sounds, 5 minutes of water noise, and 10 minutes of right whale sounds. 10. The results indicate that the responses to the second selection were independent of the responses to the first selection. 11. Whale N (see Table 1 ) was seen during three experiments when we played the tape of southern right whale sounds. On its first exposure, its response was typical: it swam toward the loudspeaker and increased its rate of sound production. Sixteen days later, it swam toward the loudspeaker but remained silent. Three days after this, it remained silent and swam away, never once turning toward the loudspeaker. 12. We thank C. Walcott Abstract. The social substructure and the distribution of genetic variation among colonies of yellow-bellied marmots, when analyzed as an evolutionary system, suggests that this substructure enhances the intercolony variance and retards the fixation of genetic variation. This result supports a traditional theory of gradual evolution rather than recent theories suggesting accelerated evolution in social mammals.
Genetic Variation in Social Mammals: The Marmot Model
Abstract. The social substructure and the distribution of genetic variation among colonies of yellow-bellied marmots, when analyzed as an evolutionary system, suggests that this substructure enhances the intercolony variance and retards the fixation of genetic variation. This result supports a traditional theory of gradual evolution rather than recent theories suggesting accelerated evolution in social mammals.
Recent theory suggests that the population substructure and demograI c processes of social mammals may sig 'iicantly accelerate evolutionary change. In particular, genetic drift due to small effective population size and inbreeding in social groups would lead to heterogeneity among groups. This heterogeneity coupled with the chance isolation of groups was proposed as a mechanism for the fixation of chromosomal variants in populations, and hence the rapid evolutio' of mammals compared to other verte! -te classes (1). Such accelerated ev' tion contrasts with the more traditio ll view of gradual evolution by gene substitution (2) . In the traditional model the rate of evolution is proportional to the genetic variance of the population (3). This paper reports a 2-year study of the distribution of allozyme variation in colonies of a social mammal, the yellowbellied marmot (Marmota fiaviventris), and considers the maintenance, fixation, and variance of genetic variation in social groups.
The population biology of the yellowbellied marmot, a large ground squirrel inhabiting the mountainous regions of western North America, has been studied since 1962 (4). Detailed data are available on the life histories, demography, and social substructure of marmots residing in the upper East River Valley of Gunnison County, Colorado.
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The population biology of the yellowbellied marmot, a large ground squirrel inhabiting the mountainous regions of western North America, has been studied since 1962 (4 Throughout the study marmots were trapped, marked for individual recognition, and then released at the site of capture. Social relations within colonies were observed for more than 250 hours each summer. In the East River Valley marmots occupy rock outcrops in or near meadows; such habitat is patchy in its distribution (5). Smaller satellite sites are occupied by one or a few marmots, and marmots at these sites are characterized by high turnover, poor reproductive success, and lack of a social structure (5, 6). Larger habitat patches contain colonies of one or more polygynous groups each consisting of a territorial male, a harem of two or three females, yearlings, and young of the year (7).
Blood was sampled from the femoral vein from all members of nine colonies, a total of 112 animals, during the summers of 1976 and 1977. Eight variable allozyme systems with two alleles at each locus were identified (Table 1) by starch gel electrophoresis (8). We examined potential selective forces that might affect the dispersion of this genetic variation (9). There was a significant positive association of transferrin genotype and aggressive arena behavior, a correlation (P = .06) between leucine aminopeptidase gene frequency and population density, and gametic disequilibrium between transferrin and esterase-2 and between esterase-1 and esterase-2. We found no Throughout the study marmots were trapped, marked for individual recognition, and then released at the site of capture. Social relations within colonies were observed for more than 250 hours each summer. In the East River Valley marmots occupy rock outcrops in or near meadows; such habitat is patchy in its distribution (5). Smaller satellite sites are occupied by one or a few marmots, and marmots at these sites are characterized by high turnover, poor reproductive success, and lack of a social structure (5, 6). Larger habitat patches contain colonies of one or more polygynous groups each consisting of a territorial male, a harem of two or three females, yearlings, and young of the year (7).
Blood was sampled from the femoral vein from all members of nine colonies, a total of 112 animals, during the summers of 1976 and 1977. Eight variable allozyme systems with two alleles at each locus were identified (Table 1) by starch gel electrophoresis (8). We examined potential selective forces that might affect the dispersion of this genetic variation (9). There was a significant positive association of transferrin genotype and aggressive arena behavior, a correlation (P = .06) between leucine aminopeptidase gene frequency and population density, and gametic disequilibrium between transferrin and esterase-2 and between esterase-1 and esterase-2. We found no association between any gene frequency, genotype, or individual heterozygosity and altitude, age, sex, habitat, survivorship, litter size, and other behavioral variables. Although we cannot rigorously exclude the action of selection on these loci, its magnitude was not sufficient to prevent significant genetic heterogeneity due to drift from acting within the spatial and temporal structure of marmot colonies.
Heterogeneity among colonies (Table  1) is indexed by Wright's FST, which is the actual variance of gene frequencies of subdivision relative to the maximum possible variance (10); it may also be interpreted as an inbreeding coefficient (11) (see below). This measure is not directly testable for significance but permits comparisons with other studies. Genotypic frequencies for three loci were heterogeneous (12). Gene frequencies for three loci were heterogeneous according to a X2 test (13) related to FST by the formula x2 = FST2Nt where Nt is the total number in the population. The X2 summed for all loci as a test of overall heterogeneity was highly significant (Table 1) .
There are three conditions that promote heterogeneity among social groups (14), and these conditions are consistent with the observed structure of the East River Valley marmot population. 1) Restriction of mate selection to those in the social group. There was no evidence of "cheating" (15) in mate selection among colony members. The allozyme phenotypes of 66 young from 26 litters supported the hypothesis that the young were without exception produced by colony residents. The probability of matings by transient marmots is lowered because marmots mate within 2 weeks after emergence from hibernation (16), males actively defend their territories and marmot vagility is virtually zero during this period when the ground is snowcovered (5).
2) Low exchange rate of individuals between groups. Intercolony movement was limited. Onl;-40 of 790 marmots studied since 1962 made moves between our study populations, and only 15 of those moves may have resulted in gene flow as indicated by subsequent reproductive activity of these dispersers.
3) Preferential recruitment ofjuveniles from their natal colony. Females are preferentially recruited into their natal colony (5) (Fig. 1) . The rate of male reassociation between any gene frequency, genotype, or individual heterozygosity and altitude, age, sex, habitat, survivorship, litter size, and other behavioral variables. Although we cannot rigorously exclude the action of selection on these loci, its magnitude was not sufficient to prevent significant genetic heterogeneity due to drift from acting within the spatial and temporal structure of marmot colonies.
3) Preferential recruitment ofjuveniles from their natal colony. Females are preferentially recruited into their natal colony (5) (Fig. 1) . The rate of male recruitment from sources outside our study populations was high, hence the rate of gene flow into colonies was high. Colo ies 6 and 7 (Fig. 1) frequently cruitment from sources outside our study populations was high, hence the rate of gene flow into colonies was high. Colo ies 6 and 7 (Fig. 1) In conclusion, the patchiness of suitable marmot habitat in the Rocky Mountains and the degree of temporal stability of colonies are conditions that favor genetic drift. However, the high rate of gene flow into colonies, the dispersal of most young, and the de facto avoidance of inbreeding indicate that this system actively retards the fixation of genetic variants. Hence the social structure of marmot populations does not provide a suitable model for the acceleration of evolution by the fixation of genetic variants. The presence of genetic heterogeneity among colonies indicates that in this population system drift is active, allele frequencies are widely divergent in SCIENCE, VOL. 207 lacked stable social structure; if they are excluded, the average rate of female recruitment from within the natal colony increases from 0.48 to 0.61. The recruits that were not from known colonies rarely were known satellite animals; most frequently recruits were from unknown satellite or colony sites outside our study population.
The first and second conditions promote heterogeneity among colonies, but the high rate of gene flow into colonies (condition 3) should reduce its magnitude. However, male gene flow into a colony with small effective population colonies, and the genetic variance of the 9. 0. A. Schwartz, thesis, University of Kansas Visual Effects of Auditory Deprivation:
Common Intermodal and Intramodal Factors
Abstract. Visual temporal acuity, as measured by the critical flicker frequency decreased and then increased during 24 hours of auditory deprivation. This intermodal effect is similar to intramodal changes in the critical flicker frequency of the nonoccluded eye during monocular deprivation; a single mechanism appears to underlie both phenomena.
Until recently it has been assumed that different patterns of change in sensory sensitivity are generated for inter-and intramodal, nondeprived perceptual channels in response to sensory deprivation of a single modality. Unimodal deprivation results in a progressive, negatively accelerated improvement in the sensory sensitivity of nondeprived modalities for a variety of measures and modalities (1). These intermodality changes are predicted by and support ascending reticular activating system (ARAS) theories of sensory threshold regulation (2). Intramodal changes, on the other hand, are characterized by an initial depression in sensitivity followed by an enhancement phase. Thus, sensory deprivation of one eye results at first in a decrease in visual temporal acuity and then is followed by a progressive improvement of sensitivity in the nonoccluded eye (3). SCIENCE, VOL. 207, 8 FEBRUARY 1980 derlie both phenomena.
Until recently it has been assumed that different patterns of change in sensory sensitivity are generated for inter-and intramodal, nondeprived perceptual channels in response to sensory deprivation of a single modality. Unimodal deprivation results in a progressive, negatively accelerated improvement in the sensory sensitivity of nondeprived modalities for a variety of measures and modalities (1). These intermodality changes are predicted by and support ascending reticular activating system (ARAS) theories of sensory threshold regulation (2). Intramodal changes, on the other hand, are characterized by an initial depression in sensitivity followed by an enhancement phase. Thus, sensory deprivation of one eye results at first in a decrease in visual temporal acuity and then is followed by a progressive improvement of sensitivity in the nonoccluded eye (3).
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These intramodal changes have been explained on the basis of the law of denervation supersensitivity (4) as interpreted by Sharpless' (5) concept of disuse of neural pathways.
In a recent review of these areas (6), we have suggested that conceptual and empirical similarities between the two situations may make it fruitful to look for a common mechanism. In both cases, a compensatory change occurs in nondeprived sensory channels, the major difference being that the intramodal changes exhibit the depression-enhancement effect not observed in intermodal studies. As the short-term (less than 24 hours) intermodal effects of unimodal deprivation have not previously been investigated, an observation of the depression-enhancement component under these conditions would implicate a single rather than two separate mechanisms These intramodal changes have been explained on the basis of the law of denervation supersensitivity (4) as interpreted by Sharpless' (5) concept of disuse of neural pathways.
In a recent review of these areas (6), we have suggested that conceptual and empirical similarities between the two situations may make it fruitful to look for a common mechanism. In both cases, a compensatory change occurs in nondeprived sensory channels, the major difference being that the intramodal changes exhibit the depression-enhancement effect not observed in intermodal studies. As the short-term (less than 24 hours) intermodal effects of unimodal deprivation have not previously been investigated, an observation of the depression-enhancement component under these conditions would implicate a single rather than two separate mechanisms
